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Research  Article 

Castalagin:  Some  aspects  of  the  mode  of 
Anti -Herpes  Virus  Activity 


Abstract 

Castalagin,  a  nonahydroxytriphenoyl-bearing  C-glucosidic  ellagitannin,  manifested  a  marked  virucidal 
effect  on  FISV-1 .  This  effect  was  markedly  temperature  and  time  dependent,  being  clearly  higher  at  37  °C 
than  at  room  temperature:  Alog  of  3.13  with  10  pM  concentration  of  castalagin  (MNC).  Castalagin  also 
suppressed  FISV-1  particle  attachment  to  MDBK  cells.  A  significant  effect  (Alog  =  1 .7)  was  found  after  30 
min  of  substance  exposure  and  was  increased  at  60  min  (Alog  =  3.2).  Castalagin  effect  on  the  production 
of  virions  during  the  HSV-1  replication  cycle  was  studied  using  a  time-of-addition  experimental  scheme  at 
the  one-step  viral  replication  cycle  design.  The  highest  sensitivity  to  castalagin  was  recorded  0-3  h  post 
virus  inoculation.  A  substantially  weaker  effect  was  found  at  the  6-1 2  h  time  intervals.  At  1 8-24  h,  HSV-1 
replication  was  unsusceptible  to  castalagin.  Evidently,  castalagin  target  is  located  in  the  earlier  stages  of 
the  HSV-1  replication  cycle. 


Introduction 

Herpes  simplex  virus  (HSV)  is  a  DNA- enveloped  virus 
that  exists  as  two  types:  HSV-1  and  HSV-2,  of  which  HSV-1 
is  mainly  associated  with  mouth  disease,  and  HSV-2  is  more 
commonly  associated  with  genital  disease.  These  cause  some 
of  the  most  common  infections  in  humans  and  are  globally 
prevalent  [i].  After  the  primary  infection,  a  persistent  (latent) 
life-long  infection  is  established.  This  infection  can  be 
reactivated,  causing  a  recurrent  disease  condition.  The  most 
severe  infections  are  encephalitis  in  neonates  and  disseminated 
infections  in  patients  with  defects  in  cellular  immunity  [2-4]. 

Acyclovir  (ACV)  was  the  first  effective  virus -specific 
anti-herpesvirus  drug  made  available  [5].  Since  then,  other 
nucleoside  analogues  have  been  developed,  but  their  efficacy 
is  often  compromised,  as  is  that  of  ACV,  by  the  appearance 
of  drug- resistant  HSV  mutants.  Therefore,  it  is  critically 
important  to  search  for  novel  anti -herpesvirus  compounds 
with  non-nucleoside  structures  and  with  different  mechanisms 
of  action  [6-9]. 

Tannins  are  a  group  of  plant  polyphenols  that  notably 
include  hydrolyzable  and  condensed  tannins.  Hydrolyzable 
tannins,  such  as  ellagitannins  and  gallotannins,  can  be 
hydrolyzed  into  glucose,  gallic  and  ellagic  acids  [10-13]. 
Ellagitannins  are  potential  inhibitors  of  various  enveloped 
viruses  due  to  their  ability  to  bind  with  different  proteins,  thus 
altering  the  proteins  structure  and  inactivating  them  [14-16]. 
Recently,  tannins  as  anti-herpetic  agents  have  been  of  special 


interest.  The  literature  provides  a  lot  of  evidence  that  different 
types  of  ellagitannins  show  anti-herpesvirus  activity  [16-20]. 

In  previous  investigations,  we  have  shown  that  three 
C-glucosidic  ellagitannins,  namely  castalagin,  vescalagin,  and 
grandinin,  demonstrate  remarkable  activity  against  human 
HSV-1  and  HSV-2  that  are  sensitive  or  resistant  to  acyclovir 
strains  [13,21].  In  addition,  when  combined  with  acyclovir,  they 
manifested  a  marked  synergism  [13]. 

Castalagin  demonstrated  the  highest  anti- HSV- 1  activity 
among  the  tested  ellagitannins,  attaining  efficacy  equal  to 
acyclovir  [13,  21].  Thus,  we  used  castalagin  to  study  the  mode 
of  anti-herpesvirus  action  of  these  ellagitannin  compounds. 

Materials  and  Methods 

Cells 

Monolayer  cultures  of  Madin-Darbey  bovine  kidney 
(MDBK)  cells  (National  Bank  for  Industrial  Microorganisms 
and  Cell  Cultures,  Sofia,  Bulgaria)  were  grown  in  DMEM 
medium  containing  10%  fetal  bovine  serum  Gibco  BRL,  USA, 
supplemented  with  10  mM  HEPES  buffer  (Merck,  Germany) 
and  antibiotics  (penicillin  100  IU/ml,  streptomycin  100  pg / 
ml)  in  C02  incubator  (HERA  cell  150,  Heraeus,  Germany)  at  37 
°C/5%  C02. 

Virus 

Herpes  simplex  virus  type  1,  Victoria  strain  (HSV-i)  was 
received  from  Prof.  S.  Dundarov  (National  Center  of  Infectious 
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and  Parasitic  Diseases,  Sofia).  The  virus  was  replicated  in 
monolayer  MDBK  cells  in  a  maintenance  solution  DMEM  Gibco 
BRL,  Paisley,  Scotland,  UK,  plus  0.5%  bovine  fetal  serum  Gibco 
BRL,  Scotland,  UK.  Virus  assay  was  based  on  cytopathic  effect 
measurement  following  the  end-point  dilution  method  of  Reed 
and  Muench  [22].  Virus  titer  was  expressed  as  50%  cell  culture 
infectious  dose  per  milliliter  (CCID50/ml). 

Compound  tested 

Castalagin  is  a  nonahydroxytriphenoyl- containing  C-glu- 
cosidic  ellagitannin  extracted  from  powdered  pedunculate  oak 
(i.e.,  Quercus  robur)  heartwood.  The  substance  was  purified  as 
previously  described  [21],  dissolved  in  distilled  water  to  a  con¬ 
centration  of  0.01  M  and  then  diluted  in  DMEM  to  the  required 
concentration. 

Virucidal  assay 

Two  experimental  schemes  were  applied.  In  the  first 
scheme,  equal  volumes  of  virus  (to5  CCID50)  and  castalagin  at 
10  pM  (maximal  nontoxic  concentration,  MNC)  were  mixed. 
Samples  were  stored  for  15,  30,  60,  90,  and  120  min  at  room 
temperature.  In  the  second  scheme,  samples  containing 
virus  (to5  CCID50)  mixed  in  equal  volumes  with  various 
concentrations  of  castalagin,  10  pM,  1  pM,  0.1  pM,  0.01  pM, 
were  incubated  for  15,  30,  60, 120,  and  150  min  at  37  °C.  Then, 
the  residual  infectivity  in  all  samples  was  recorded  using  the 
end-point  dilution  method.  The  data  obtained  were  compared 
with  control  virus  samples  containing  equal  volumes  of  virus 
suspension  and  maintenance  medium  and  incubated  at  the 
aforementioned  intervals:  Alog  was  determined. 

Virus  attachment  assay 

MDBK  cell  monolayers  in  24-well  cell  culture  plates 
(prechilled  at  4  °C)  were  inoculated  with  to3  or  to4  CCID50  of 
HSV-i  for  adsorption  at  4  °C  and  treated  in  parallel  with  10 
pM  (MNC)  or  lower  concentrations  of  castalagin.  At  different 
time  intervals,  cells  were  washed  with  PBS  to  remove  both 
the  compound  and  the  unattached  virus  then  overlaid  with 
maintenance  medium  and  incubated  at  37  °C  for  24  h.  Following 
three  rounds  of  freezing  and  thawing,  the  infectious  virus  titer 
of  each  sample  was  determined  using  the  end-point  dilution 
method.  Each  sample  was  prepared  in  triplicate. 

Time-of-addition  study 


on  HSV-i  suspension  was  markedly  time  dependent  at  room 
temperature:  it  was  significant  after  30  min  of  contact  (Alog  = 
1.7)  and  attained  a  Alog  of  2.8  after  150  min. 

Incubation  at  37  °C  substantially  strengthened  castalagin 
virucidal  effect  (Table  1).  At  30  min  of  contact,  a  marked 
effect  was  found  at  concentrations  of  10  pM  (Alog  =  1.8)  and 
1  pM  (Alog  =  1.66).  Increasing  contact  time  to  60  min  had  a 
significant  virucidal  effect  at  0.1  pM  (Alog  =  1.7)  and  even  at 
0.01  pM  (Alog  =  1.5).  The  strongest  effect  (Alog  =  3.13)  at  37  °C 
was  observed  at  the  10  pM  concentration. 

Effect  on  virion  adsorption 

Castalagin  effect  on  the  attachment  of  HSV-i  virions 
to  MDBK  cells  is  presented  in  Figure  1.  No  effect  on  HSV- 
1  adsorption  was  observed  in  the  first  15  min  of  exposure  to 
castalagin  (Alog  =  0.25).  An  inhibitory  effect  was  manifested  at 
30  min  (Alog  =  1.7),  and  by  increasing  in  the  duration  of  action, 
the  number  of  adsorbed  HSV-i  virions  on  the  cell  decreased: 
Alog  values  of  2.2  and  3.2  were  recorded  at  45  min  and  60  min, 
respectively. 

We  also  investigated  the  effect  of  castalagin  on  virus 
adsorption  at  a  higher  viral  inoculation  dose  (10,000  CCID50/ 
ml,  multiplicity  of  infection  of  0.025;  Figure  2).  Some  effect 
(Alog  =  1.5)  was  found  at  30  min,  attaining  a  Alog  of  1.8  at  45 
min.  The  strongest  effect,  Alog  =  2,  was  found  at  60  min.  Thus, 
castalagin  had  less  effect  on  HSV-i  adsorption  at  a  higher  viral 
dose  (MI  =  0.025)  than  at  a  lower  viral  dose  (MI  =  0.0025). 

The  effects  of  various  concentrations  of  castalagin  on  viral 
adsorption  for  60  min  are  presented  in  Figure  3.  The  compound 
had  a  marked  effect  at  concentrations  of  10  pM  (Alog  =  3.2) 
and  1  pM  (Alog  =  2).  At  0.1  pM  concentration,  the  effect  was 
markedly  weaker  (Alog  =  1),  and  it  was  absent  at  0.01  pM 
concentration. 


Table  1  Effect  of  castalagin  on  extracellular  HSV-1  virions. 


Concentration  of 

15  min 

30  min 

60  min 

120  min 

150  min 

castalagin  (pM) 

Alog 

1 0  (at  room  temperature) 

0.75 

1.7 

1.9 

2.2 

2.8 

1 0  (at  37  °C) 

1.0 

1.8 

2.35 

2.41 

3.13 

1  (at  37  °C) 

0.86 

1.66 

2.17 

2.33 

2.93 

0.1  (at  37  °C) 

0.66 

1.33 

1.7 

1.86 

2.5 

0.01  (at  37  °C) 

0.33 

1.0 

1.5 

1.66 

2.0 

MDBK  cells  monolayers  at  a  density  of  1  x  105  in  24-well  cell 
culture  plates  were  infected  with  1  x  105  CCID50  HSV-i  per  well. 
Castalagin  was  added  into  wells  at  different  postinfection  time 
intervals.  After  12,  15,  18,  and  24  h,  samples  were  frozen  and 
thawed  three  times.  The  infectious  virus  titer  of  each  sample 
was  determined  using  the  end-point  dilution  method.  Each 
sample  was  prepared  in  triplicate. 

Results 

Effect  on  extracellular  virus 


The  direct  effect  of  castalagin  on  extracellular  HSV-i 
virions  was  investigated.  As  seen  in  table  1,  castalagin  effect 
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These  results  show  that  castalagin  effect  on  HSV-i  virion 
adsorption  is  dependent  on  both  the  concentration  of  castalagin 
and  the  dose  of  the  virus. 

Effect  on  the  virus  growth  curve  (time-of-addition  study) 

Castalagin  effect  on  HSV-i  (ACV- sensitive  Victoria  strain) 
replication  was  studied  by  following  the  one -step  growth  cycle 
setup  in  the  time-of-addition  study  (Table  2).  The  effect  was 
strongest  when  castalagin  was  added  immediately  after  virus 
adsorption  (Time  0)  or  at  3  h  postinfection.  Adding  castalagin 
at  6  h  and  12  h  produced  certain,  but  weaker,  inhibitory  effects. 
When  the  compound  was  added  later  (18-24  h),  no  statistically 
significant  inhibitory  effect  was  recorded.  Evidently,  castalagin 
affects  the  earlier  stages  of  the  viral  replication  cycle. 


Discussion 

In  previous  studies,  we  have  shown  that  castalagin 
possesses  selective  activity  against  the  replication  of  ACV- 
susceptible  strains  of  HSV-iand  HSV-2,  and  its  activity  is 
even  higher  than  that  of  ACV  on  the  HSV-i  strain  [13].  The 
combination  of  castalagin  with  ACV  manifested  a  pronounced 
synergicity.  Moreover,  when  tested  against  the  replication  of 
ACV-resistant  strains  of  HSV-iand  HSV-2,  it  again  showed 
remarkable  activity.  And  in  combination  with  ACV,  it  again 
demonstrated  a  significant  synergistic  effect  [21]. 

The  synergistic  character  of  the  effects  of  castalagin  and 
ACV  combinations  on  HSV-i  and  HSV-2  replication  indicates 
that  ACV  and  castalagin  have  different  mechanisms  of  action 
(different  targets)  in  HSV-i  and  HSV-2  replication  cycles. 


Figure  2:  Effect  of  castalagin  on  HSV-1  adsorption  in  MDBK  cells.  Virus  inoculation  dose:  101 


CCID50/ml. 


concentrations  of  castalagin 


— ■ —  viral  control 
— • —  castalagin 


Figure  3:  Effect  of  different  concentrations  of  castalagin  on  HSV-l  adsorption  in  MDBK  cells. 


It  is  known  that  ACV  targets  the  TK  (+)  herpesvirus- 
encoded  DNA  polymerase  [23].  However,  the  mechanism  of 
anti-herpesvirus  action  for  castalagin  and  related  substances 
has  not  been  studied  in  detail.  There  is  evidence  that  the 
ellagitannin  eugeniin  anti-herpesvirus  activity  against  HSV-l 
and  HSV-2  inhibits  both  viral  DNA  polymerase  activity  and  the 
synthesis  of  late  proteins  [14].  The  ellagitannins  eugeniflorin 
Di  and  D2  manifested  inhibitory  effects  on  Epstein- Barr  virus 
(EBV)  DNA  polymerase  [24].  Another  C-glucosidic  ellagitannin, 
cowaniin,  showed  an  inhibitory  effect  on  the  EBV  early  antigen 

[25] .  Some  ellagitannins  have  been  shown  to  inhibit  the  late 
stages  of  viral  replication  [26,27].  Our  experiments  regarding 
the  influence  of  castalagin  on  adsorption  of  HSV-l  virions 
demonstrated  a  suppression  effect  after  30  minutes.  Literary 
data  from  testing  other  ellagitannin  effects  on  HSV  adsorption 
showed  that  the  ellagitannin  casuarinin  manifested  a  marked 
inhibition  of  virion  adsorption  and  penetration  in  the  cell 

[26] .  Two  other  hydrolyzable  tannins,  chebulagic  acid  and 
punicalagin,  inactivated  the  virus  particle;  because  their  targets 
are  HSV-l  glycoproteins,  they  can  prevent  virus  adsorption 
and  penetration  as  well  as  virus  transition  from  cell  to  cell  and 
secondary  infection  [16]. 

The  results  obtained  by  following  the  influence  of 
extracellularly  applied  castalagin  on  HSV-l  virions  showed  that 
castalagin  exhibits  a  direct  virucidal  effect  after  30  minutes, 
an  effect  that  increases  as  contact  time  lengthens.  Virucidal 
effects  of  excoecarianin,  casuarinin,  and  geraniin  have  been 
established  as  well  [28-32]. 


Table  2:  Time-of-addition  study. 


Time  of  compound 

Alogs  in  samples  taken  at  hours  post  virus  inoculation 

addiion  (hours  post  virus 
inoculation) 

12 

15 

18 

24 

0 

2.5 

3.0 

3.33 

3.5 

1 

2.25 

2.25 

2.33 

3.0 

2 

2.0 

2.25 

2.33 

3.0 

3 

2.0 

2.0 

2.0 

2.0 

4 

2.0 

2.0 

2.0 

2.0 

6 

1.0 

1.25 

1.5 

1.5 

9 

0.5 

0.5 

1.0 

1.0 

12 

0 

0.33 

1.0 

15 

0 

0.67 

18 

0 

The  time-of-addition  study  using  an  HSV-l  one-step  virus 
growth  experimental  setup  and  measuring  infectious  virus 
formation  established  that  the  earliest  period  (0-3  h)  post 
virus  adsorption  is  the  most  susceptible  to  castalagin  effect. 
Most  likely,  the  compound  sensitivity  period  partially  includes 
the  next  period,  6-12  h.  However,  the  late  time  interval,  18- 
24  h,  was  unsusceptible  to  castalagin,  thus  excluding  the  late 
phase  of  HSV-l  virion  assembly. 

Our  results  suggest  that  this  study  could  be  considered  as  an 
initial  step  in  determining  the  mechanism  of  anti-herpesvirus 
action  for  the  ellagitannin  castalagin.  Establishing  the  viral 
target  of  castalagin  effect  remains  an  open  issue  that  requires 
further  molecular  genetic  investigation. 
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